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PROBIOTIC SKIN FORMULATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 63/042,684, filed on Jun. 23, 2020, which 1s
incorporated by reference herein.

TECHNICAL FIELD

Described herein are dermatological compositions, for-
mulations containing wild type or genetically modified
Cutibacterium bacteria and methods for use thereof of skin.
The cosmetic and therapeutic formulations described herein
can be used as cosmetic daily skin treatments or for treating
skin inflammation or disorders including acne, psoriasis,
rosacea, dermatitis, or eczema.

BACKGROUND

The microbiome 1s a complex network of micro-organ-
isms that live 1n and on the human body. On the skin, there
are billions of microbes consisting of bacteria, viruses,
fungi, and archaea. These microbes can be either commensal
(helptul), pathogenic (harmiul), or symbiotic. Symbiosis
occurs when the skin’s microbes depend on the human host
Just as much as the host depends on the microbes. When this
relationship 1s out of balance, 1t can lead to 1ssues such as
opportunistic infections, mflammatory diseases, or acceler-

ated aging. This 1s known as dysbiosis.
In particular, human skin contains a variety of symbiotic

microorganisms that are necessary for healthy skin. These
commensal or mutualistic bacteria live 1n the epidermis and
the upper regions of hair follicles. These microorganisms
prevent infections from transient pathogenic organisms by
competing for nutrients, the production of antibacterial
compounds, or by stimulating the skin’s immune system.
While most skin flora are commensal, some particular
bacteria can cause non-infectious skin diseases such as acne,
psoriasis, rosacea, dermatitis, or eczema. For example, acne
vulgaris 1s associated with high populations of certain strains
of Cutibacterium acnes. This causes excess sebum produc-
tion and skin inflammation commonly observed 1n acne. The
typical treatment 1s topical and systemic antibiotics which
not only kill the pernicious Cutibacterium acne organisms,
but also kill the other commensal bacteria.

Traditionally, skincare regimens have focused heavily on
the iteraction of mgredients with human skin cells, while
unknowingly disrupting the skin microbiota through ingre-
dients such as antimicrobials and harsh preservatives. Stud-
ies now show that microbes living 1n and on skin secrete
beneficial substances that directly impact and are critical to
skin health. Therefore, 1t 1s important to facilitate the growth
ol symbiotic microbes on skin.

Skincare products containing harsh ingredients can dis-
rupt the microbiota and lead to dysbiosis, which includes an
imbalance 1 the number of “helpful” and “harmiful”
microbes (and the molecules they secrete).

What is needed are dermatological compositions contain-
ing probiotic components and dormant genetically modified
organisms that can ameliorate the harmiul effects of patho-
genic bacteria while augmenting the skin’s natural micro-
biome.

SUMMARY

One embodiment described herein 1s an anhydrous der-
matological composition comprising: about 0.1% to about
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2

5% by mass of one or more wild type or growth-arrested
genetically modified bacteria or probiotic components; and
about 95% to about 99.9% by mass ol one or more derma-
tologically acceptable anhydrous excipients. In one aspect,
the dermatologically acceptable anhydrous excipients com-
prise one or more emollients, humectants, moisturizers,
vitamins, vitamin analogues, gelling agents, rheology modi-
fiers, pH modifiers, or preservatives; and optionally, one or
more solvents.

Another embodiment described herein 1s an anhydrous
dermatological composition comprising: one or more
growth-arrested genetically modified microorganisms; and
one or more dermatologically acceptable anhydrous excipi-
ents comprising one or more emollients, humectants, vita-
mins, vitamin analogues, or gelling agents. In one aspect, the
anhydrous dermatological composition maintains the
growth-arrested genetically modified microorganisms in a
dormant state for at least six months and up to about 2 years.

Another embodiment described herein 1s an anhydrous
dermatological composition comprising: about 0.1% to
about 5% by mass of a growth-arrested strain of C. acres;
and about 95% to about 99.9% by mass of one or more
dermatologically acceptable anhydrous excipients compris-
ing one or more emollients, humectants, vitamins, vitamin
analogues, or gelling agents. In one aspect, the anhydrous
dermatological composition maintains the growth-arrested
strain of C. acres 1n a dormant state for at least six months
and up to about 2 years. In another aspect, the composition
comprises: about 1% to 2% by mass of the growth-arrested
strain of C. acnes; about 90% by mass of one or more
emollients; and about 10% by mass of one or more gelling
agents. In another aspect, the growth-arrested strain of C.
acnes comprises a lyophilized powder comprising C. acnes,
sodium chloride, calctum stearate, and inulin (fructose poly-
saccharide). In another aspect, the emollients comprise ethyl
olivate, Olea europaea leatl extract, and castor oil; and the
gelling agent comprises Polyamide-3 (dilinoleic acid, eth-
ylenediamine, polypropylene glycol diamine end-capped
with PEG/PPG-32/10 aminopropyl methyl ether). In another
aspect, the composition comprises: about 0.1-5% by mass of
the growth-arrested strain of C. acnres; about 55-95% by
mass of ethyl olivate and Olea europaea leat extract; about
20-40% by mass of castor oil; and about 1-15% by mass of
Polyamide-3 (dilinoleic acid, ethylenediamine, polypropyl-
ene glycol diamine end-capped with PEG/PPG-32/10 ami-
nopropyl methyl ether). In another aspect, the composition
comprises: about 1% to 2% by mass of a growth-arrested
strain of C. acnes; about 1% by mass of Vitamin A or a
vitamin A analogue; about 90% by mass ol one or more
emollients; and about 10% by mass of one or more gelling
agents. In another aspect, the composition comprises: about
0.1-3% by mass of the growth-arrested strain of C. acres;
about 0.1-5% by mass of retinol; about 0.1-5% by mass of
Vitamin A palmitate; about 50-75% by mass of ethyl olivate
and Olea europaea leal extract; about 20-40% by mass of
castor oil; and about 1-15% by mass of Polyamide-3 (dili-
noleic acid, ethylenediamine, polypropylene glycol diamine
end-capped with PEG/PPG-32/10 aminopropyl methyl
cther).

Another embodiment described herein 1s an aqueous
dermatological composition comprising: about 0.1% to
about 5% by mass of probiotic composition; and about 95%
to about 99.9% by mass of one or more dermatologically
acceptable excipients comprising one or more humectants,
moisturizers, rheology modifiers, pH modifiers, preserva-
tives, or solvents. In one aspect, the probiotic composition
comprises a C. acres fermentation product comprising lyo-
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philized powder of purified C. acres roxP fermentation
media. In another aspect, the C. acnes fermentation product
1s purified using filtration and diafiltration. In another aspect,
the composition comprises: about 0.1% to 5% by mass of the
C. acnes fermentation product; about 80% by mass of one or
more solvents; about 10% by mass of one or more humec-
tants; about 1% by mass of one or more moisturizers; about
2% by mass of one or more rheology modifiers; about 4% by
mass ol one or more film formers; about 2% by mass of one
or more preservatives; and about 1% by mass of one or more

pH modifiers. In another aspect, the composition comprises:
about 0.1-3% by mass of the C. acres fermentation product;
about 70-90% by mass of water; about 0.1-3% by mass of
sodium hyaluronate solution; about 5-15% by mass of
acetamidoethoxyethanol; about 1-5% by mass of polyure-
thane; about 0.1-3% by mass of a solution of sodium
protocatechuic acid, sodium lactate, protocatechuic acid,
arginine, aspartic acid, glycine, alanine, serine, valine, pro-
line, threonine, isoleucine, histidine, and phenylalanine
(Prodew® 500); about 0.1-3% by mass of hydroxyethyl
acrylate, sodium acryloyldimethyl taurate copolymer; about
0.1-5% by mass of polyacrylate crosspolymer-6; about 0.1 -
5% by mass of benzyl alcohol; about 0.5-1.5% by mass of
sodium benzoate and potassium sorbate; and about 0.1-5%
by mass of citric acid solution (50%). In another aspect, the
composition further comprises about 0.1% to about 2% by
mass retioid.

Another embodiment described herein 1s a method for

preparing a probiotic fermentation product, the method
comprising: growing a microorganism in a fermentation
medium; separating the fermentation medium from the
microorganism; performing tangential flow filtration on the
fermentation media with bufler exchanges to remove small
molecule contaminants to produce a purified fermentation
product; and lyophilizing the purified fermentation product.
In one aspect, the microorgamism 1s C. acnes roxP.

Another embodiment described herein 1s a fermentation
product produced by any of the methods or means described
herein.

Another embodiment described herein 1s a method for
augmenting the skin microbiome, the method comprising
administering an eflective amount of a dermatological com-
position comprising: about 0.1% to about 5% by mass of one
or more growth-arrested genetically modified bacteria or
probiotic components; and about 95% to about 99.9% by
mass of one or more dermatologically acceptable excipients.

Another embodiment described herein 1s a method to
mimmize pathogenic bacterial growth on the skin, the
method comprising: applying to skin an eflective amount of
a dermatological composition comprising: about 0.1% to
about 5% by mass of one or more growth-arrested geneti-
cally modified bacteria or probiotic components; and about
95% to about 99.9% by mass of one or more dermatologi-
cally acceptable excipients.

Another embodiment described herein 1s a method of
treating acne, the method comprising applying to skin an
ellective amount of a dermatological composition compris-
ing: about 0.1% to about 3% by mass of one or more
growth-arrested genetically modified bacteria or probiotic
components; and about 95% to about 99.9% by mass of one
or more dermatologically acceptable excipients.

Another embodiment described herein 1s a method for
preparing a cosmetic or therapeutic composition comprising,
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4

combining: about 0.1% to about 5% by mass of one or more
growth-arrested genetically modified bacteria or probiotic
components; and about 95% to about 99.9% by mass of one

or more dermatologically acceptable excipients.

Another embodiment described herein 1s a cosmetic or
therapeutic composition prepared by any of the methods or
means described herein.

Another embodiment described herein 1s a means for
preparing a cosmetic or therapeutic composition comprising
combining: about 0.1% to about 5% by mass of one or more
growth-arrested genetically modified bacteria or probiotic

components; and about 95% to about 99.9% by mass of one
or more dermatologically acceptable excipients.

Another embodiment described herein i1s the use of a
cosmetic or therapeutic composition comprising one or more
growth-arrested genetically modified bacteria or probiotic

components; and about 95% to about 99.9% by mass of one
or more dermatologically acceptable excipients for the treat-
ment ol dermatological diseases or disorders.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the growth of Xycrobe cells (C. acnes R16
with growth arrested modifications) 1s dependent upon on
the presence of L-(+)-arabinose. Xycrobe cells do not grow
in the medium without L-(+)-arabinose, but growth 1s 1ni-
tiated when arabinose 1s added.

FIG. 2 shows Xycrobe cells (C. acres RT6 with growth
arrested modifications) are not inhibited by castor oil.
Xycrobe cells were grown 1n a liquid culture and spread on
the plate. Castor o1l was then the added to the area with a dot
on the plate to check for zone of inhibition. No growth was
inhibited.

FIG. 3 shows that the antioxidant activity of the Xycrobe
(C. acres roxP) fermentation derived antioxidant concen-
trate 1s stable over 84 days.

DETAILED DESCRIPTION

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill 1n the art. For example,
any nomenclatures used i connection with, and techniques
of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics, and protein and nucleic acid chem-
1stry and hybridization described herein are well known and
commonly used 1n the art. In case of contlict, the present
disclosure, including definitions, will control. Exemplary
methods and materials are described below, although meth-
ods and materials similar or equivalent to those described
herein can be used 1n practice or testing of the embodiments
and aspects described herein.

As used herein, the term “Xycrobe” or “Xycrobes™ refer
to a genetically modified strain of Cutibacterium acnes, also
known as Propionibacterium acnes, that has been growth
arrested. This strain 1s described 1n U.S. Pat. No. 10,584,344
B2 and International Patent Application Publication No. WO
2015195845 A, both of which are incorporated by reference
herein for such teachings.

As used herein, the terms “amino acid,” ‘“nucleotide,”
“polynucleotide,” “vector,” “polypeptide,” and “‘protein”

= S Y 4
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have their common meanings as would be understood by a
biochemist of ordinary skill 1n the art. Standard single letter
nucleotides (A, C, G, T, U) and standard single letter amino
acids (A, C,D,E,.F, G H L K, L, M, N, P, Q, R, S, T, V,
W, or Y) are used herein.

=l B Y

As used herein, the terms such as “include,” “including,”

2 L

containing,” “having,” and the like mean “com-
prising.” The present disclosure also contemplates other

“contain,

e 4 4

embodiments “comprising,” “consisting of,” and “consisting

essentially of,” the embodiments or elements presented
herein, whether explicitly set forth or not.

b Y 4

As used herein, the term ““a,” “an,” “the” and similar terms

used i the context of the disclosure (especially in the
context of the claims) are to be construed to cover both the

singular and plural unless otherwise indicated herein or

- Y

clearly contradicted by the context. In addition, “a,” “an,” or

“the” means “one or more” unless otherwise specified.

As used herein, the term “or” can be conjunctive or
disjunctive.

As used herein, the term “substantially” means to a great
or significant extent, but not completely.

As used herein, the term “about” or “approximately” as
applied to one or more values of interest, refers to a value
that 1s similar to a stated reference value, or within an
acceptable error range for the particular value as determined
by one of ordinary skill 1n the art, which will depend 1n part
on how the value 1s measured or determined, such as the
limitations of the measurement system. In one aspect, the
term “about” refers to any values, including both integers
and fractional components that are within a variation of up
to £10% of the value modified by the term “about.” Alter-
natively, “about” can mean within 3 or more standard
deviations, per the practice in the art. Alternatively, such as
with respect to biological systems or processes, the term
“about” can mean within an order of magnitude, 1n some
embodiments within S5-fold, and 1n some embodiments
within 2-fold, of a value. As used herein, the symbol “~”
means “about” or “approximately.”

All ranges disclosed herein include both end points as
discrete values as well as all integers and fractions specified
within the range. For example, a range of 0.1-2.0 includes
0.1, 0.2, 0.3, 04 . .. 2.0. If the end points are modified by
the term “about,” the range specified 1s expanded by a
variation of up to £10% of any value within the range or
within 3 or more standard deviations, including the end
points.

As used herein, the terms “‘active ingredient” or “active
pharmaceutical mngredient” refer to a pharmaceutical agent,
active ingredient, compound, or substance, compositions, or
mixtures thereof, that provide a pharmacological, often
beneficial, eflect.

As used herein, the terms “control,” or “‘reference” are
used herein interchangeably. A “reference” or “control”
level may be a predetermined value or range, which is
employed as a baseline or benchmark against which to
assess a measured result. “Control” also refers to control
experiments or control cells.

As used herein, the term “dose” denotes any form of an
active 1ingredient formulation or composition, including
cells, that contains an amount suflicient to initiate or produce
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6

a therapeutic effect with at least one or more administrations.

“Formulation” and “composition” are used interchangeably
herein.

As used herein, the term “prophylaxis” refers to prevent-
ing or reducing the progression of a disorder, either to a
statistically significant degree or to a degree detectable by a
person of ordinary skill 1 the art.

As used herein, the terms “effective amount” or “‘thera-

peutically effective amount,” refers to a substantially non-

toxic, but suflicient amount of an agent, composition, or
cell(s) being admimstered to a subject that will prevent,
treat, or ameliorate to some extent one or more of the
symptoms of the disease or condition being experienced or
that the subject 1s susceptible to contracting. The result can
be the reduction or alleviation of the signs, symptoms, or
causes ol a disease, or any other desired alteration of a

biological system. An eflective amount may be based on
tactors individual to each subject, including, but not limited
to, the subject’s age, size, type or extent of disease, stage of
the disease, route of administration, the type or extent of
supplemental therapy used, ongoing disease process, and
type of treatment desired.

As used herein, the term “subject” refers to an animal.
Typically, the subject 1s a mammal. A subject also refers to
primates (e.g., humans, male or female; infant, adolescent,
or adult), non-human primates, rats, mice, rabbits, pigs,
cows, sheep, goats, horses, dogs, cats, fish, birds, and the
like. In one embodiment, the subject 1s a primate. In one
embodiment, the subject 1s a human.

As used herein, a subject 1s “in need of treatment™ 11 such
subject would benefit biologically, medically, or 1n quality of
life from such treatment. A subject 1n need of treatment does
not necessarily present symptoms, particular 1n the case of
preventative or prophylaxis treatments.

As used herein, the terms “inhibit,” “inhibition,” or
“inhibiting™ refer to the reduction or suppression of a given
biological process, condition, symptom, disorder, or disease,
or a significant decrease 1n the baseline activity of a bio-
logical activity or process.

As used herein, “treatment”™ or “treating” refers to pro-
phylaxis of, preventing, suppressing, repressing, reversing,
alleviating, ameliorating, or inhibiting the progress of bio-
logical process including a disorder or disease, or com-
pletely eliminating a disease. A treatment may be either
performed 1n an acute or chronic way. The term “treatment™
also refers to reducing the severity of a disease or symptoms
associated with such disease prior to aflliction with the
disease. “Repressing” or “ameliorating” a disease, disorder,
or the symptoms thereol nvolves administering a cell,
composition, or compound described herein to a subject
alter clinical appearance of such disease, disorder, or its
symptoms. “Prophylaxis of” or “preventing” a disease,
disorder, or the symptoms thereof involves administering a
cell, composition, or compound described herein to a subject
prior to onset of the disease, disorder, or the symptoms
thereof. “Suppressing” a disease or disorder involves admin-
istering a cell, composition, or compound described herein
to a subject after induction of the disease or disorder thereof
but before 1ts clinical appearance or symptoms thereof have
manifest.
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As used herein, all percentages (%) refer to mass (or
weight, w/w) percent unless noted otherwise.

Described herein are dermatological compositions con-
taining probiotic components and dormant genetically modi-
fied organisms that can ameliorate the harmiul effects of

5

8

a dormant state 1n the formulation, they are resistant to any
ellects from the potentially bactericidal compounds 1n the
formulation.

In one aspect, the composition comprises the formulation
shown 1n Table 1.

TABLE 1

Exemplary Composition

Component

Probiotic Component

Dermatologically
acceptable excipients

pathogenic bacteria and augmenting the skin’s natural
microbiome. The genetically modified C. acnes bacteria are
symbiotic on human skin and can provide cosmetic and
therapeutic advantages by: modulating o1l production to
even skin tone; secreting antioxidants; reducing the oxida-
tive stress that leads to accelerated aging; and calming the
skin to promote even texture and reduced pore size. The
modified C. acres orgamisms are designed to traverse the
epidermis 1nto the dermis. In the dermis, they consume o1l
produced from the sebaceous glands, while also releasing
antioxidants and anti-inflammatory mediators to prevent the
growth and reduce the harmiul effects of pathogenic bacte-
ria. This process ultimately allows beneficial bacteria to
flourish, helping the skin heal. The compositions described
herein combat acne by symbiotically augmenting the skin’s
natural microbiome.

One embodiment described herein 1s a dermatological
composition comprising one or more growth-arrested
genetically modified bacteria or probiotic components; and
one or more dermatologically acceptable excipients. In one
embodiment, the formulation contains a growth-arrested
genetically modified bactena (e.g., C. acres) 1n an anhy-
drous or substantially anhydrous composition. The lack of
water 1 the composition 1s necessary to maintain the
bacteria in a dormant state. The bacteria remain dormant
until the product 1s applied to the skin where upon the
encounter moisture and become revitalized. The bacteria are
stable 1n the formulations for at least 6 months and poten-
tially up to 2 years.

The compositions described herein containing growth-
arrested genetically modified bacteria surprisingly contain a
number of components that were previously thought to be
bactericidal or detrimental to bactenia. For example, some of
the compositions contain castor oi1l, Vitamin A, or Vitamin A
analogues. These compounds were believed to be pernicious
to bacteria. See e.g., Al-Mamun et al., BMC Comp. Alt. Med.
16:211 (2016); Momoh et al., Bul. Envir. Pharm. Life Sci. 1:
21-27 (2012); Rampadarath and Puchoo, Asian Pac. J. Trop.
Biomedicine 6(2): 100-107 (2016). Thus, 1t was surprising
and unexpected that the C. acres organisms remained viable
in the formulations in the presence of these potentially
bactericidal compounds. See FIG. 2. Without being bound
by any theory, it 1s thought that because the bacteria are in
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Example Mass Percentage (%)
Cutibacterium or fermentation medium ~0.1-5

thereof

Emollients, gelling agents, ~95-99.9

vitamins, vitamin

analogues, moisturizers, humectants,
rheology modifiers, pH modifiers,
preservatives, solvents

In another aspect, the composition comprises the formu-
lation shown 1n Table 2.

TABLE 2
Exemplary Composition

Mass

Per-
Component Example centage (%o)
Dormant Powdered growth arrested C. acnes ~0.1-5
probiotic
bacteria
Emollient ethyl olivate, Olea europaea leaft extract, ~70-90

castor oil

Gelling agent  Polyamide-3 (dilinoleic acid, ~1-15

ethylenediamine, polypropylene glycol
diamine end-capped with PEG/PPG-32/10

aminopropyl methyl ether)

In another aspect, the composition comprises the formu-
lation shown 1n Table 3.

TABLE 3
Exemplary Composition
Mass
Per-
centage
Component Example (%0)
Dormant probiotic  Powdered growth arrested C. acnues ~0.1-5
bacteria
Vitamins or Vitamin A, Vitamin E, Bakuchiol ~0.1-5
Vitamin analogues
Emollient ethyl olivate, Olea europaea leaf extract, ~70-90
castor oil
Gelling agent Polyamide-3 (dilinoleic acid, ~1-15
ethylenediamine, polypropylene glycol

diamine end-capped with PEG/PPG-32/10
aminopropyl methy ether)

In another aspect, the composition comprises the formu-
lation shown 1n Table 4.
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TABLE 4

Exemplary Composition

10

Component Example
Probiotic antioxidant Fermentation medium from C. acues ~0.1-5
fermentation product
Vitamins or Vitamin Vitamin A, Vitamin E, Bakuchiol ~0.1-5
analogues
Moisturizers Sodium Hyaluronate ~0.1-5
Acetamidoethoxyethanol, sodium
protocatechuic acid, sodium lactate,
arginine, aspartic acid, protocatechuic acid,
Humectants glycine, alanine, serine, valine, proline, ~0.1-20
threonine, 1scleucine, histidine,
phenylalanine (Prodewe 300)
Rheology modifiers Polyacrylate crosspolymers ~0.1-5
Film formers Polyurethane ~1-5
pH modifiers Citric acid, other organic acids ~0.1-5
Preservatives Benzyl alcohol, sodium benzoate ~0.1-7
Solvent Water, deionized water, Rose water, ~50-95

hydroessential rose (Rosa damascena)

Dermatologically acceptable excipients useful for the
compositions as described herein can further comprise any
of the following or combinations thereof: acidifying agents
(acetic acid, glacial acetic acid, citric acid, fumaric acid,
hydrochloric acid, diluted hydrochloric acid, malic acid,
nitric acid, phosphoric acid, diluted phosphoric acid, sulfuric
acid, tartaric acid); alkalizing agents (ammonia solution,
ammonium carbonate, diethanolamine, ditsopropanolamine,
potassium hydroxide, sodium bicarbonate, sodium borate,
sodium carbonate, sodium hydroxide, trolamine); antifoam-
ing agents (dimethicone, simethicone); antimicrobial preser-
vatives (benzalkonium chloride, benzalkonium chloride
solution, benzethonium chloride, benzoic acid, benzyl alco-
hol, butylparaben, cetylpyridinium chloride, chlorobutanol,
chlorocresol, cresol, dehydroacetic acid, ethylparaben,
methylparaben, methylparaben sodium, phenol, phenylethyl
alcohol, phenylmercuric acetate, phenylmercuric nitrate,
potassium benzoate, potassium sorbate, propylparaben, pro-
pylparaben sodium, sodium benzoate, sodium dehydroac-
ctate, sodium propionate, ascorbic acid, thimerosal, thymol);
antioxidants (ascorbic acid, ascorbyl palmitate, butylated
hydroxvanisole, butylated hydroxytoluene, hypophospho-
rous acid, monothioglycerol, propyl gallate, sodium form-
aldehyde sulfoxylate, sodium metabisuliite, sodium thiosul-
tate, sulfur dioxide, tocopherol, tocopherols excipient);
buflering agents (acetic acid, ammonium carbonate, ammo-
nium phosphate, boric acid, citric acid, lactic acid, phos-
phoric acid, potassium citrate, potassium metaphosphate,
potassium phosphate monobasic, sodium acetate, sodium
citrate, sodium lactate solution, dibasic sodium phosphate,
monobasic sodium phosphate, phosphate bufler saline);
chelating agents (edetate disodium, ethylenediaminetet-
raacetic acid and salts, edetic acid); coating agents (sodium
carboxymethylcellulose, cellulose acetate, cellulose acetate
phthalate, ethylcellulose, gelatin, pharmaceutical glaze,
hydroxypropyl cellulose, hydroxypropyl methylcellulose,
hydroxypropyl methylcellulose phthalate, methacrylic acid
copolymer, methylcellulose, polyvinyl acetate phthalate,
shellac, sucrose, titanium dioxide, carnauba wax, microc-
rystalline wax, zein); colorants (caramel, red, yellow, black
or blends, ferric oxide); complexing agents (ethylenediami-
netetraacetic acid and salts (EDTA), edetic acid, gentisic
acid ethanolamide, oxyquinoline sulfate); desiccants (cal-
cium chloride, calcium sulfate, silicon dioxide); emulsitying
and/or solubilizing agents (acacia, cholesterol, dietha-
nolamine (adjunct), glyceryl monostearate, lanolin alcohols,
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Mass Percentage (%)

mono- and di-glycerides, monoethanolamine (adjunct), leci-
thin, oleic acid (adjunct), oleyl alcohol (stabilizer), polox-
amer, polyoxyethylene 50 stearate, polyoxyl 35 castor oil,
polyoxyl 40 hydrogenated castor oil, polyoxyl 10 oleyl
ether, polyoxyl 20 cetostearyl ether, polyoxyl 40 stearate,
polysorbate 20, polysorbate 40, polysorbate 60, polysorbate
80, diacetate, monostearate, sodium lauryl sulfate, sodium
stearate, sorbitan monolaurate, sorbitan monooleate, sorbi-
tan monopalmitate, sorbitan monostearate, stearic acid, tro-
lamine, emulsiiying wax); filtering aids (powdered cellu-
lose, purified siliceous earth); flavors and perfumes
(anethole, benzaldehyde, ethyl vamllin, menthol, methyl
salicylate, monosodium glutamate, orange flower oil, pep-
permint, peppermint oil, peppermint spirit, rose oil, rose
water, thymol, tolu balsam tincture, vanilla, vanilla tincture,
vanillin); humectants (glycerol, hexylene glycol, sorbitol);
plasticizers (e.g., castor oil, diacetylated monoglycerides,
diethyl phthalate, glycerol, mono- and di-acetylated mono-
glycerides, propylene glycol, triacetin, triethyl citrate); poly-
mers (e.g., cellulose acetate, alkyl celluloses, hydroxyalkyl,
acrylic polymers and copolymers); solvents (acetone, alco-
hol, diluted alcohol, amylene hydrate, benzyl benzoate,
butyl alcohol, carbon tetrachloride, chloroform, corn oil,
cottonseed o1l, ethyl acetate, glycerol, hexylene glycol,
1sopropyl alcohol, methyl alcohol, methylene chloride,
methyl 1sobutyl ketone, mineral oil, peanut oil, propylene
carbonate, sesame oi1l, water for 1jection, sterile water for
injection, sterile water for irrigation, purified water); sor-
bents (powdered cellulose, charcoal, purified siliceous
carth); carbon dioxide sorbents (bartum hydroxide lime,
soda lime); stiflening agents (hydrogenated castor oil, ceto-
stearyl alcohol, cetyl alcohol, cetyl esters wax, hard fat,
parailin, polyethylene excipient, stearyl alcohol, emulsify-
ing wax, white wax, yellow wax); suspending and/or vis-
cosity-increasing agents (acacia, agar, alginic acid, alumi-
num monostearate, bentonite, purified bentonite, magma
bentonite, carbomer, carboxymethylcellulose calcium, car-
boxymethylcellulose  sodium, carboxymethylcellulose
sodium carrageenan, microcrystalline and carboxymethyl-
cellulose sodium cellulose, dextrin, gelatin, guar gum,
hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxy-
propyl methylcellulose, magnestum aluminum silicate,
methylcellulose, pectin, polyethylene oxide, polyvinyl alco-
hol, povidone, alginate, silicon dioxide, colloidal silicon
dioxide, sodium alginate, tragacanth, xanthan gum); sweet-
ening agents (aspartame, dextrates, dextrose, excipient dex-
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trose, Iructose, mannitol, saccharin, calcium saccharin,
sodium saccharin, sorbitol, solution sorbitol, sucrose, com-
pressible sugar, confectioner’s sugar, syrup); surfactants
(stmethicone); binders (acacia, alginic acid, sodium car-
boxymethylcellulose, microcrystalline cellulose, dextrin,
cthylcellulose, gelatin, liquid glucose, guar gum, hydroxy-
propyl methylcellulose, methylcellulose, polyethylene
oxide, povidone, pregelatinized starch, syrup); diluents (cal-
cium carbonate, dibasic calcium phosphate, tribasic calcium
phosphate, calctum sulfate, microcrystalline cellulose, pow-
dered cellulose, dextrates, dextrin, dextrose excipient, fruc-
tose, kaolin, lactose, mannitol, sorbitol, starch, pregelati-
nized starch, sucrose, compressible sugar, confectioner’s
sugar); disintegrants (alginic acid, microcrystalline cellu-
lose, croscarmellose sodium, crospovidone, polacrilin potas-
sium, sodium starch glycolate, starch, pregelatinized starch);
lubricants (calcium stearate, glyceryl behenate, magnesium
stearate, light mineral o1l, sodium stearyl fumarate, stearic
acid, purified stearic acid, talc, hydrogenated vegetable o1l,
zinc stearate); thickening agents (gelatin having a bloom
strength of 50-100); tonicity agent (dextrose, glycerol, man-
nitol, potassium chloride, sodium chloride); vehicle: fla-
vored and/or sweetened (aromatic elixir, compound benzal-
dehyde elixir, 1so-alcoholic elixir, peppermint water, sorbitol
solution, syrup, tolu balsam syrup); vehicle: oleaginous
(almond o1l, corn o1l, cottonseed oil, ethyl oleate, 1sopropyl
myristate, 1sopropyl palmitate, mineral o1l, light mineral o1l,
myristyl alcohol, octyl dodecanol, olive oi1l, peanut oil,
persic oi1l, sesame o1l, soybean oil, squalane); vehicle: solid
carrier (sugar spheres); vehicle: sterile (bacteriostatic water
for 1injection, bacteriostatic sodium chloride 1njection); vis-
cosity-increasing (see suspending agent); water repelling
agents (cyclomethicone, dimethicone, simethicone); and/or
solubilizing agent (benzalkonium chloride, benzethonium
chlornide, cetylpyridinium chloride, docusate sodium, non-
oxynol 9, nonoxynol 10, octoxynol 9, poloxamer, polyoxyl
35 castor o1l, polyoxyl 40, hydrogenated castor o1l, polyoxyl
50 stearate, polyoxyl 10 oleyl ether, polyoxyl 20, cetostearyl
cther, polyoxyl 40 stearate, polysorbate 20, polysorbate 40,
polysorbate 60, polysorbate 80, sodium lauryl sulfate, sor-
bitan monolaurate, sorbitan monooleate, sorbitan
monopalmitate, sorbitan monostearate, tyloxapol). This list
1s not meant to be exclusive, but mstead merely represen-
tative of the classes of excipients and the particular excipi-
ents that may be used 1n the formulations described herein.
See Remington’s Essentials of Pharmaceutics, Pharmaceu-
tical Press Publishing Company, London, UK, 1°° Edition,
2013, and the Handbook of Pharmaceutical Excipients, 8"
Edition, Pharmaceutical Press Publishing Company London,
U K, 2017/, each of which 1s incorporated by reference herein
for such teachings.

Another embodiment described herein 1s an anhydrous
dermatological composition comprising: about 0.1% to
about 5% by mass of one or more wild type or growth-
arrested genetically modified bacteria or probiotic compo-
nents; and about 95% to about 99.9% by mass of one or
more dermatologically acceptable anhydrous excipients. In
one aspect, the dermatologically acceptable anhydrous
excipients comprise one or more emollients, humectants,
moisturizers, vitamins, vitamin analogues, gelling agents,
rheology modifiers, pH modifiers, or preservatives; and
optionally, one or more solvents.

Another embodiment described herein 1s an anhydrous
dermatological composition comprising: one or more wild
type or growth-arrested genetically modified microorgan-
isms; and one or more dermatologically acceptable anhy-
drous excipients comprising one or more emollients, humec-
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tants, vitamins, vitamin analogues, or gelling agents. In one
aspect, the anhydrous dermatological composition maintains
the growth-arrested genetically modified microorganisms in
a dormant state for at least six months and up to about 2
years.

In one embodiment, the microorgamism can comprise
organisms of the genus Cutibacterium. In another embodi-
ment, the microorgamism comprises a species selected from
Cutibacterium acidifaciens, Cutibacterium acidipropionici,
Cutibacterium acnes, Cutibacterium australiense, Cutibac-
terium avidum, Cutibacterium cyclohexanicum, Cutibacte-
rium freudenrveichii, Cutibacterium granulosum, Cutibacte-
vium Jensenil, Cutibacterium microaevophilum,
Cutibacterium propionicum, or Cutibacterium thoenii. In
one embodiment the microorganism 1s Cutibacterium acnes.
In one embodiment, the Cutibacterium acrnes comprises a
CRISPR (clustered regularly interspaced short palindromic
repeat) array. In one embodiment, the microorgamsm 1s C.
acnes, type I, ribotype 6 (e.g., C. acnes R16). In another
embodiment the microorganism 1s C. acres roxP.

Another embodiment described herein 1s an anhydrous
dermatological composition comprising: about 0.1% to
about 5% by mass of a growth-arrested strain of C. acnes;
and about 95% to about 99.9% by mass of one or more
dermatologically acceptable anhydrous excipients compris-
ing one or more emollients, humectants, vitamins, vitamin
analogues, or gelling agents. In one aspect, the anhydrous
dermatological composition maintains the growth-arrested
strain of C. acres 1n a dormant state for at least six months
and up to about 2 years. In another aspect, the composition
comprises: about 1% to 2% by mass of the growth-arrested
strain of C. acnes; about 90% by mass of one or more
emollients; and about 10% by mass of one or more gelling
agents. In another aspect, the growth-arrested strain of C.
acnes comprises a lyophilized powder comprising C. acnes,
sodium chloride, calctum stearate, and inulin (fructose poly-
saccharide). In another aspect, the emollients comprise ethyl
olivate, Olea europaea leatl extract, and castor oil; and the
gelling agent comprises Polyamide-3 (dilinoleic acid, eth-
ylenediamine, polypropylene glycol diamine end-capped
with PEG/PPG-32/10 aminopropyl methyl ether). In another
aspect, the composition comprises: about 0.1-5% by mass of
the growth-arrested strain of C. acnres; about 55-95% by
mass of ethyl olivate and Olea europaea leat extract; about
20-40% by mass of castor oil; and about 1-15% by mass of
Polyamide-3 (dilinoleic acid, ethylenediamine, polypropyl-
ene glycol diamine end-capped with PEG/PPG-32/10 ami-
nopropyl methyl ether). In another aspect, the composition
comprises: about 1% to 2% by mass of a growth-arrested
strain of C. acnes; about 1% by mass of Vitamin A or a
vitamin A analogue; about 90% by mass ol one or more
emollients; and about 10% by mass of one or more gelling
agents. In another aspect, the composition comprises: about
0.1-5% by mass of the growth-arrested strain of C. acres;
about 0.1-3% by mass of retinol; about 0.1-5% by mass of
Vitamin A palmitate; about 50-75% by mass of ethyl olivate
and Olea europaea leal extract; about 20-40% by mass of
castor oil; and about 1-15% by mass of Polyamide-3 (dili-
noleic acid, ethylenediamine, polypropylene glycol diamine
end-capped with PEG/PPG-32/10 aminopropyl methyl
cther).

Another embodiment described herein 1s an aqueous
dermatological composition comprising: about 0.1% to
about 5% by mass of probiotic composition; and about 95%
to about 99.9% by mass of one or more dermatologically
acceptable excipients comprising one or more humectants,
moisturizers, rheology modifiers, pH modifiers, preserva-
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tives, or solvents. In one aspect, the probiotic composition
comprises a C. acres fermentation product comprising lyo-
philized powder of punfied C. acres roxP fermentation
media. In another aspect, the C. acres fermentation product
1s purified using filtration and diafiltration. In another aspect,
the composition comprises: about 0.1% to 5% by mass of the
C. acnes fermentation product; about 80% by mass of one or
more solvents; about 10% by mass of one or more humec-
tants; about 1% by mass of one or more moisturizers; about
2% by mass of one or more rheology modifiers; about 4% by
mass ol one or more film formers; about 2% by mass of one
or more preservatives; and about 1% by mass of one or more
pH modifiers. In another aspect, the composition comprises:
about 0.1-5% by mass of the C. acres fermentation product;
about 70-90% by mass of water; about 0.1-5% by mass of
sodium hyaluronate solution; about 5-15% by mass of
acetamidoethoxyethanol; about 1-5% by mass of polyure-
thane; about 0.1-3% by mass of a solution of sodium
protocatechuic acid, sodium lactate, protocatechuic acid,
arginine, aspartic acid, glycine, alanine, serine, valine, pro-
line, threonine, isoleucine, histidine, and phenylalanine
(Prodew® 300); about 0.1-3% by mass of hydroxyethyl
acrylate, sodium acryloyldimethyl taurate copolymer; about
0.1-3% by mass of polyacrylate crosspolymer-6; about 0.1-
5% by mass of benzyl alcohol; about 0.5-1.5% by mass of
sodium benzoate and potassium sorbate; and about 0.1-5%
by mass of citric acid solution (50%). In another aspect, the
composition further comprises about 0.1% to about 2% by
mass retinoid.

Another embodiment described herein 1s a method for
manufacturing the compositions described herein. In one
aspect, the method comprising combining the ingredients of
the composition. The ingredients may be combined 1n any
order or 1n specific phases. For example, components of one
phase may be combined, and components of any other
phase(s) may be combined and then the two separate phases
combined and mixed to homogeneity. Heating and mixing
may be used individually or in combination to facilitate
homogenization.

Another embodiment described herein 1s a cosmetic or
therapeutic composition prepared by any of the methods or
means described herein.

Another embodiment described herein 1s a method for
preparing a probiotic fermentation product, the method
comprising: growing a microorganism in a fermentation
medium; separating the fermentation medium from the
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organism; performing tangential flow filtration on the fer-
mentation media with bufler exchanges to remove small
molecule contaminants to produce a purified fermentation
product; and lyophilizing the punified fermentation product.
In one aspect, the microorgamism 1s C. acnes roxP.

Another embodiment described herein 1s a fermentation
product produced by the any of the methods or means
described herein.

It will be apparent to one of ordinary skill in the relevant
art that suitable modifications and adaptations to the com-

positions, formulations, methods, processes, and applica-
tions described herein can be made without departing from
the scope of any embodiments or aspects thereof. The
compositions and methods provided are exemplary and are
not intended to limit the scope of any of the specified
embodiments. All the various embodiments, aspects, and
options disclosed herein can be combined in any variations
or iterations. The scope of the compositions, formulations,
methods, and processes described herein include all actual or
potential combinations of embodiments, aspects, options,
examples, and preferences herein described. The composi-
tions, formulations, or methods described herein may omait
any component or step, substitute any component or step
disclosed herein, or include any component or step disclosed
clsewhere herein. The ratios of the mass of any component
of any of the compositions or formulations disclosed herein
to the mass of any other component 1n the formulation or to
the total mass of the other components in the formulation are
hereby disclosed as 11 they were expressly disclosed. Should
the meaning of any terms in any of the patents or publica-
tions incorporated by reference contlict with the meaning of
the terms used 1n this disclosure, the meanings of the terms
or phrases 1n this disclosure are controlling. Furthermore,
the specification discloses and describes merely exemplary
embodiments. All patents and publications cited herein are
incorporated by reference herein for the specific teachings
thereof.

EXAMPLES

Example 1

The formula for the Xycrobe Live Probiotic Gel 1s made
up of four (4) ingredients including the live bacteria strain of
Cutibacterium acnes (Propionibacterium acnes) that has
been genetically modified to be growth arrested. The for-
mulation 1s shown 1n Table 5.

TABLE 5

Live Probiotic Gel

e

Percent
Percent  Mass
Phase Component Function Mass (%) Range (%)
A Xycrobe Powder Probiotic 1.1 ~0.5-3
A Ethyl olivate and Olea europaea leat  Emollient 5.0 ~5-20
extract (Sensolene ® Light ET)
B Ethyl olivate and Olea europaea leal ~ Emollient 60.9 ~50-75
extract (Sensolene ® Light ET)
Castor Oil (Seatons Virgin Castor Oi1l) Emollient 25.0 ~20-40
B Polyamide-3 (OleoCraft ™ MP-30) Gelling Agent 8.0 ~1-15

Sum 100% 100%
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The formulation 1s prepared as follows:

1. Phase “B” 1s added together and heated to 90-100° C.
with stirring;

2. While Phase “B” 1s heating, Xycrobe Powder 1s dis-
persed nto ethyl olivate and Olea europaea leal extract

(Sensolene® Light ET) through high sheer mixing to

make Phase “A:”
3. After all solids are dissolved in Phase “B” the solution
1s cooled until solid:;

4. Phase “A” 1s mncorporated into Phase “B” with mixing.

The Live Probiotic Gel formula disclosed i Table 5 1s the
vehicle chosen to deliver the Xycrobe strain of Cutibacte-
rium acnes (lormerly Propionibacterium acnes) to the skin.
The vehicle 1s an anhydrous gel with shear thinning prop-
erties. An anhydrous formula was required to extend the
shelf life of the product by preventing the Xycrobes from
multiplying 1n the base due to the absence of water. The
polyamide-3 structuring agent (20,000 Da) traps the emol-
lient o1ls 1n the formula through hydrophobic pockets while
the polymers are locked to each other through hydrogen
bonding. Thus, the product maintains a viscous gel structure
with the freeze drnied Xycrobes suspended. Once enough
shear has been imparted onto the vehicle the structuring
agent breaks down releasing the emollient oils allowing the
formula to be spread across the skin. The polyamide-3
structuring agent has a secondary benefit of creating a
water-resistant film on the skin, which helps keep the skin
hydrated and allows the freeze dried Xycrobes to propagate.
Sensolene® Light E'T was chosen as the primary emollient
for the base as it provides a light and dry feel on the skin.
Castor o1l was chosen as a secondary emollient for two
purposes. First, 1t 1s non-drying to the skin and second,
because 1t 1s a triester of ricinoleic acid and glycerol, which
contains several hydroxyls (—OH) functional groups, 1t aids
in the formation of the gel.

The finished product was screened for viability of the
Xycrobe strain via serial dilution of the gel onto a modified
RCM-potato peptone, arabinose media. This screening pro-
cess checks for the total colony forming units (CFUs) of
Xycrobes 1n the finished product corresponding to a single
daily dose. An RT-PCR assay was performed on the
Xycrobes prior to lyophilization to ensure the purity of the
Xycrobe raw material strain. The lyophilization process of
the Xycrobe powder creates a stable raw matenial allowing,
for easier incorporation into the anhydrous gel. The Xycrobe
powder 1s a mixture of Xycrobe cells, sodium chloride,
calcium stearate and inulin (fructose polysaccharide).

Example 2

A secondary formula for the Xycrobe Live Probiotic Gel
has been developed with the addition of retinoids. The
Xycrobe Live Probiotic Gel containing retinoids 1s prepared
similarly to the Xycrobe Live Probiotic Gel Version
described above. The formulation 1s shown 1n Table 6.

TABLE 6

Live Probiotic Gel with Retinoids

Percent Percent Mass

Phase Component Function Mass (%) Range (%)

A Xycrobe Powder Probiotic 1.1 ~0.5-3
Retinol and Glycine sova oil

A (Retinol 10 SU) Retinoid 1.0 ~0.1-5

Retinyl palmitate and

5

10

15

20

25

30

35

40

45

50

55

60

65

16
TABLE 6-continued

Live Probiotic Gel with Retinoids

Percent Percent Mass

Phase Component Function Mass (%) Range (%o)

A Tocopherol (Vitamin A- Retinoid 0.36 ~0.1-5
Palmitate Care 1.7 9)

A Ethyl olivate and Olea Emollient 3.64 ~5-20
europaea leat extract
(Sensolene ® Light ET)

B Ethyl olivate and Olea Emollient 60.90  ~30-75
europaea leat extract
(Sensolene ® Light ET)

B Castor O1l (Seatons Virgin  Emollient 25.0 ~20-40
Castor Oil)

B Polyamide-3 (OleoCraft ™ Gelling 8.0 ~1-15
MP-30) Agent

Sum 100% 100%

The preparation of the Xycrobe Live Probiotic Gel con-

taining Retinoids 1s similar to Xycrobe Live Probiotic Gel
described above.

A drawback of the Polyamide-3 (OleoCraft™ MP-30;
¢.g., dilinoleic acid, ethylenediamine, polypropylene glycol
diamine end-capped with PEG/PPG-32/10 aminopropyl
methyl ether) structuring agents 1s the difliculty 1n gelling
silicone systems. See OleoCraft™ Polymers Product Speci-
fication, Croda Europe Ltd (January 2017). While silicones
provide an optimal sensorial experience, achieving a stable,
transparent, and globally approved formula was challenging.
The solution to this problem was the incorporation of the
emollients, ethyl olivate and Olea europaea leal extract
(Sensolene® Light ET). Sensolene® Light ET 1s a natural
origin, globally compliant silicone alternative. In addition to
providing the desired sensorial properties, Sensolene® Light
ET displays enhanced skin hydration and antioxidant ben-
efits. See SENSOLENE® Light ET Product Specification,
Hallstar Beauty, Mar. 13, 2019.

The second major component of the Xycrobe Live Pro-
biotic Gel 1s Castor O1l. Castor o1l has a long history of being
known for 1ts anti-microbial activity against several bacterial
species. See e.g., Al-Mamun et al., “Characterization and
evaluation of antibacterial and antiproliferative activities of
crude protein extracts isolated from the seed of Ricinus
communis 1 Bangladesh,” BMC Comp. Alt. Med. 16:211
(2016); Momoh et al., “Evaluation of the antimicrobial and
phytochemical properties of o1l from castor seeds (Ricinus
communis linn),” Bul Enviv. Pharm. Life Sci. 1: 21-27

(2012); Rampadarath and Puchoo, “In vitro antimicrobial

and larvicidal properties of wild Ricinus communis L. 1n
Mauritius,” Asian Pac. J. Trop. Biomedicine 6(2): 100-107

(2016). Seatons Virgin Castor O1l (Croda Personal Care),
neat, was found to be non-inhibitory to the growth of
Xycrobe cells despite a preponderance of literature describ-
ing the anti-microbial activity of castor o1l. See FIG. 2. This
result was both surprising and unexpected.

The mitial Xycrobe raw material only consisted of inulin
and Xycrobes. This mixture was found to be impractical for
long term storage or scale up. The hygroscopicity of the
Xycrobe powder made the raw material susceptible to subtle
humidity changes and had to be used shortly after exposure
to atmosphere. To combat the hygroscopicity of the powder,
1% calcium stearate and sodium chloride were added to the
mixture prior to freeze drying. Calcium stearate was added
as a processing aid (anti-adherent) to prevent the powder
from clumping to provide a smooth dry powder. A secondary
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benefit of using calcium stearate 1s that it helped remove the
grittiness of the Xycrobe raw material.

Example 3

A third formulation, Xycrobe Biome Derived Antioxidant
Concentrate, contains purified fermentation media from
cultures of Xycrobes (C. acres roxP). During the fermen-
tation process of Xycrobes, a complex mixture of nutrients
and cellular metabolites 1s produced. This fermentation
product 1s separated from the Xycrobe cells by filtration
(0.22 um) to give a sterile fermentation product.

The fermentation medium has a potent odor owing to
some of the metabolites. To remove the odor of the medium,
the media was sequentially filtered and concentrated using
diafiltration methods. The fermentation media was concen-
trated using a 3 kDa or smaller cut-ofl cellulose or similar
material filter in Tangential Flow Filtration (TFF) system.
All filtration steps were performed at 4° C. or 25° C. After
preparing a sample that has been concentrated at least 20
times, a diafiltration process modified for this purpose was
performed. By exchanging the bufler using PBS, odor-
causing small molecular weight components remaining 1n
the concentrate were removed and only substances having
antioxidant and anti-inflammatory eflects were obtained.

The fermentation product (Xycrobe Biome Derived Anti-
oxidant Concentrate) was stored as a concentrate.

The main constituent of the Xycrobe Biome Derived
Antioxidant Concentrate 1s purified water. The process for
preparing the concentrate as described herein removes the
odor of the fermentation product. A preservative 1s used to
prevent microbial contamination. Several ingredients were
screened to determine a preservative that was eflicacious 1n
preventing microbial contamination, but not detrimental to
the live Xycrobes that are applied to the skin through the use
of the other Xycrobe products recommended for the
Xycrobe Regimen. The preservative chosen was benzyl
alcohol at 0.1-5%. Benzyl alcohol 1s highly tolerated on the
skin and 1s eflective across a broad pH range. The system
was thickened into a gel using a combination of two poly-
mers (polyacrylate crosspolymer-6 (e.g., (Sepimax™ Zen)
and hydroxyethyl acrylate/sodium acryloyldimethyl taurate
copolymer (e.g., (Sepinov™ EMT 10) at a 1:1 ratio. The
formulation 1s shown 1n Table 7.

TABLE 7

Xvycrobe Biome-Derived Antioxidant Concentrate

Percent
Percent Mass
Mass  Range
Phase Component Function (%) (%)
A Xycrobe roxP fermentation Postbiotic 3.0 ~0.1-5
product
A Purified water Solvent 70.0 ~50-90
A Benzyl Alcohol Preservative 1.0 ~0.1-5
A Sodium Hyaluronate Solution Moisturizer 1.0 ~0.1-5
(HyaClear ® Solution)
A Acetamidoethoxyethanol Humectant 10.0 ~5-15
(ElfaMoist ® AC)
A Sodium protocatechuic acid,  Humectant 1.0 ~0.1-5

sodium lactate, arginine,
aspartic acid, protocatechuic
acid, glycine, alanine, serine,
valine, proline, threonine,
1soleucine, histidine,
phenylalanine (Prodew ® 500)
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TABLE 7-continued

Xverobe Biome-Derived Antioxidant Concentrate

Percent
Percent Mass
Mass  Range
Phase Component Function (%) (%0)
A Sodium benzoate and Preservative 1.0 ~0.5-1.5
potassium sorbate solution
(aqueous) (euxyl ® K 712)
A Polyurethane-35 aqueous Film former 4.0 ~1-5
(Baycusan ® C 1004)
B Citric acid solution (50%) pH Modifier q.s. ~0.1-53
C Polyacrylate Crosspolymer-6  Rheology
(Sepimax ™ Zen) Modifier 1.2 ~0.1-3
C Hydroxyethyl acrylate, sodium Rheology 1.2 ~0.1-5
acryloyldimethyl taurate Modifier
copolymer (Sepinov ™ EMT
10)
D Purified water Solvent 6.60 ~1-10
sSum 100% 100%

In another embodiment, the composition shown 1n Table
7 further comprises a fat-soluble vitamin including Vitamin
A (retinol), a Vitamin A analogue (e.g., Vit. A palmitate,
bakuchiol), Vitamin E, Vitamin D, or Vitamin K, or ana-
logues thereof. In one aspect, the composition shown 1n
Table 7 further comprises retinol or a retinoid at a mass
percentage of about 0.1% to about 2%, including all integers
within the range.

The formula for the Xycrobe Biome-Derived Antioxidant
Concentrate 1s shown in Table 7. The formulation is pre-
pared as follows:

1. Phase “A” ingredients are combined with mixing;

2. Phase “B” 1s added until the pH of the system 1s 4.5-5.0

to make Phase “AB”’;

3. Phase “C” ingredients are slowly added to Phase “AB”

to make Phase “ABC”; and

4. Phase “D” 1s added to the “ABC” mixture quantum

sufliciat.

The antioxidant activity of the Xycrobe Biome Derived
Antioxidant Concentrate was quantified using the OxiSe-
lect™ Trolox Equivalent Antioxidant Capacity (TEAC)
Assay kit. The TEAC assay measures the amount of anti-
oxidant against a Trolox standard. Trolox 1s an antioxidant
(a Vitamin E derivative). The TEAC kit 1s standardized by
adding oxidized ABTS substrate to Trolox and measuring
the absorbance of the solution. As the substrate 1s reduced,
the solution clears and the absorbance decreases. The was
stored at room temperature and after 14, 26, and 84 days.
Samples were obtained, and the antioxidant activity was
measured over time. FIG. 3 shows that the antioxidant
activity of the concentrate 1s stable over 84 days.

What 1s claimed:

1. A dermatological composition consisting of:

an anhydrous formulation of:

about 0.1% to about 5% by mass of a dry growth-arrested
genetically modified strain of Cutibacterium acnes (C.
acnes) that remains 1 a dormant state for at least six

months and up to about 2 years;

about 55% to about 95% by mass of one or more
anhydrous emollients comprising ethyl olivate or Olea
europaea leal extract; and

about 1% to about 15% by mass of one or more anhydrous
gelling agents comprising Polyamide-3.
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2. A dermatological composition consisting of:

an anhydrous formulation of:

about 0.1% to about 5% by mass of a dry wild-type or
growth-arrested genetically modified strain of Cutibac-
terium acnes (C. acnes) that remains 1n a dormant state
for at least six months and up to about 2 years;

about 55% to about 93% by mass of one or more
anhydrous emollients comprising ethyl olivate or Olea
europaea leal extract; and

about 1% to about 15% by mass of one or more anhydrous
gelling agents comprising Polyamaide-3.
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